Abstract -Allium scabriflorum Boiss., A. vuralii Kit Tan, A. goekyigitii Ekim, H. Duman and Güner (Sect. Allium) and A. karacae M. Koyuncu (Sect. Scorodon C. Koch) were compared morphologically and karyologically. The chromosome number of all these species was found to be 2n=16. All species investigated have nucleolar chromosomes of the "Scorodoprasum-type" and "Sativum-type". This is a typical character of Sect. Allium. The results showed that Allium karacae, formerly included in Sect. Scorodon, should be transferred to Sect. Allium. It has a peculiar type of nucleolar chromosomes and morphological characteristics (except simple filaments) which are normally found in Sect. Allium.
INTRODUCTION
The current classification of Allium L. Sect. Allium recognises 115 species and several subspecies, all of which occur naturally in Europe and Asia (MATHEW 1996) . Approximately 50 species are identifed in Turkey, 26 of which are endemic (KOLLMANN 1984; DAVIS et al. 1988; KOYUNCU 1994; ÖZHATAY and MATHEW 1995; EKİM et al. 1999) . Here, we report the results of a study on four related species which are endemic to narrow areas in Anatolian Turkey. Three of these, A. scabriflorum Boiss., A. vuralii Kit Tan and A. goekyigitii Ekim, H. Duman and Güner, belong to Sect. Allium, while one species, A. karacae M. Koyuncu, was originally included in Sect. Scorodon C. Koch. (KOYUNCU 1994) .
Among the studied species, only Allium scabriflorum appears in Flora of Turkey (KOLLMAN 1984) . In 1987, an uncomplete specimen resembling A. scabriflorum was collected from Tuz Gölü area and described as A. vuralii (KIT TAN and SORGER 1987) . In 1994, A. karacae was collected between the Tas¸kent and Ermenek provinces and described as a new species (KOYUNCU 1994) . This species is close to A. scabriflorum of Sect. Allium although it is closer to Sect. Scorodon in its simple stamens (not tricuspidate) and smooth perigon segments. A. goekyigitii, which is also similar to A. scabriflorum, was collected around Hadim and described by EKİM et al. (1999) . All these species, which occur in approximately the same region and show external resemblance, were comparatively investigated in terms of morphology and karyology, in order to shed new light on their systematic relationships.
MATERIALS AND METHODS
Living plants of each of the four endemic Allium species were collected from either the type locality or in its vicinity. Some of these specimens were used for karyological studies, while some were prepared as herbarium material. All the herbarium specimens of the investigated Allium species were deposited in the herbarium GAZI. Examined specimens are as follows:
A. scabriflorum Boiss. For karyological studies, bulbs were put on moist filter paper in Petri dishes at room temperature. Root tips were collected and pretreated in α-monobromonaphthalene for at least three hours at 4 o C. Then, they were fixed in 3:1 absolute ethanol:acetic acid. Roots were hydrolysed in 1N HCl at 60 o C for 12-13 minutes and stained with Feulgen. Squashes were made in 45% acetic acid. After removing of coverslips in liquid nitrogen, air-dried slides were mounted in Depex. Preparations were examined using a Prior microscope. Photographs were taken with a Centon DF-300 camera on Agfa ST8 film sat at 12 ASA. Measurements were based on 5 metaphase plates. Chromosomes were classified according to the nomenclature of LEVAN et al. (1964) .
RESULTS AND DISCUSSION

Morphology
Although the four species examined are superficially similar to each other, they can be eas- Table 1 .
Karyology
Analyses of somatic metaphase spreads in the four species showed that all of them are diploid with the chromosome number 2n=2x=16 (Figs. 1, 2) . Chromosome numbers of A. scabriflorum and A. goekyigitii were already given by ÖZHATAY and JOHN- SON (1996) and EKİM et al. (1999) , respectively and our findings are in line with such previous counts. Chromosome counts of the two other species (A. vuralii and A. karacae) and detailed karyotypic measurements for all four species are instead given here for the first time (Table 2) .
All chromosomes are metacentric in the four taxa except Chromosome 6 in A. vuralii and Chromosome 4 in A. goekyigitii, where they are submetacentric. Arm ratios in metacentric chromosomes range from 1.07 to 1.61. In submetacentric chromosomes, arm ratios are 1.90 in A. vuralii and 1.78 in A. goekyigitii. The total length of the haploid complement is similar in A. scabriflorum, A. karacae and A. vuralii: 71.04 µm, 68.86 µm and 63.86 µm, respectively. However, total haploid length in A. goekyigitii is quite smaller than in the other taxa, 43.78 µm.
In Allium, six types of nucleolar chromosomes are identified; two of them, the "Scorodoprasum-type" and the "Sativumtype" are found in Sect. Allium (VED BRAT 1965; MATHEW 1996) . Here, all the four species studied are characterized by these two types of nucleolar chromosomes. The nucleolar chromosome of the Scorodoprasum-type is Chromosome 5 in A. scabriflorum, Chromosome 6 in A. vuralii and A. karacae and Chromosome 7 in A. goekyigitii. goekyigitii. Nucleolar chromosomes have a secondary constriction containing genes for ribosomal RNA and visible at metaphase as a faintly stained region. This particular chromosomes are used as marker for cytogenetic studies (BISHT et al. 1998 ).
The taxonomy of Allium Sect. Allium is evidently complicated. Morphological differentiation is rather weak, and it appears that other sources of systematic evidence, such as palynology and cytology, can provide rather limited additional information at the specific level (MATHEW 1996) . However, in this study we observed that four taxa which are similar in their external morphology, can be distinguished from each other by both their micromorphological differences and by their karyological characteristics. Moreover, although A. karacae resembles A. scabriflorum of Sect. Allium, it is originally included in Sect. Scorodon since it differs from Sect. Allium and approaches to Sect. Scorodon for its simple inner filaments. It has no close relatives, and is very distinct for its dense umbel, violet-blue flowers, simple filaments and reticulate-fibrous tunics of Sect. Scorodon. In addition to the observations obtained from morphological studies, the Feulgen stained karyotypes showed that A. karacae should be included in Sect. Allium because of the types of its nucleolar chromosomes. The karyotype of Sect. Allium is usually readily identified by its distinctive nucleolar chromosomes: "Scorodoprasum-type" and "Sativum-type" (VED BRAT 1965; MATHEW 1996) . These types of nucleolar chromosomes were observed not only in A. scabriflorum, A. vuralii and A. goekyigitii but also in A. karacae. 
